Metabolite profiling of wine provides important information for characterization of grape and wine typicity and quality. A brief overview on wine metabolite profiling using mass spectrometry technology is presented. Possibilities for application of metabolite profiling for winemaking and grapevine breeding in Bulgaria are pointed out.
Introduction
The chemical composition of wine depends on a wide range of factors including grape variety, environmental conditions (climate, soil) and viticultural practices; yeast strains and oenological microflora; winemaking technologies and ageing processes. Wine composition was a subject in a number of metabolite studies during the last decade involving metabolite profiling and more recently extensive chemodiversity analysis. Most of the reported metabolite studies utilize mass spectrometry (MS) analysis following chromatographic separation, (2, 9, 16) . The proton nuclear magnetic resonance ( 1 h nMR) profiling alone, or in parallel with the MS methods, has been also increasingly applied during the last few years, (22, 25) . A large part of the reported studies on wine metabolite profiling are focused on characterization of volatiles and polyphenols, i.e. compounds substantially contributing to smell, test and therapeutic effects of wine. Here we present brief overview on wine metabolite profiling using mass spectrometry technology and discuss the possibility for application of metabolite profiling for winemaking and grapevine breeding in Bulgaria.
Metabolite profiling of wine volatiles
The volatile composition of wine is the principal determinant of its aroma and substantially influences the entire organoleptic characteristics of wine. Over 800 volatile compounds have been identified in wines including terpenoids, phenols, alcohols, esters, aldehydes, ketones, lactones etc. In wines, they are present in wide concentration range, as only part of them is directly related to the wine odor. Many of the wine odor compounds are of the terpenic type (monoterpenoids, sesquiterpenoids, C13 norisoprenoids) and are important for wine varietal character and differentiation. At present the most widely used technology for analysis of wine volatiles is gas chromatography-mass spectrometry (GC-MS). The sample preparation of wine volatiles for GC-MS analysis employs different extraction techniques. Presently, wine volatiles analyses utilize several modifications of solid-phase microextraction (SPME), stir-bar sorptive extraction (SBSE) and liquid-phase microextraction (LPME) techniques, which have several advantages over the traditional liquid-liquid (LLE) or solid-phase (SPE) extraction procedures, (3, 20) . Generally these procedures provide high enrichment factor, improved sensitivity, minimization of the amount of sample and consumption of harmful solvents.
The volatile composition of wine involves a mixture of volatile compounds of different origin, which could be most generally classified into three groups: volatiles originating from grapes -(varietal), compounds generated during alcoholic fermentation -(fermentative) and volatiles-compounds formed after metabolite transformations during ageing -(bouquet). Thus, the target or metabolite profiling studies could be the volatile composition of mature wine as well as the grape volatiles or those formed during winemaking process. A large part of the reported studies involves comparative metabolite profiling of volatiles extracted from: (a) wines from different grape varieties; (b) wines produced by different winemaking practices; (c) wines derived from the same grapevine variety grown under different environmental (soil and climate) conditions; (d) wine volatiles extracted at different time point of wine fermentation and maturation. Most of these studies resulted into identification of metabolite biomarkers -volatiles specific for the analyzed wine, group of wines or stage of wine processing. Such metabolite biomarkers could be further used for differentiation between wine varieties, quality control and monitoring of the stage of wine fermentation and ageing. A number of studies of wine volatiles include parallel studies of volatiles from the starting grapes, often extracted at different stages of grape development. The overall of such grape and wine volatiles profiling data provide possibility to follow interchanges of selected volatiles through the winemaking process and to use the obtained information for decision making. Some of the reported studies involving profiling and identification of grape and wine volatiles are outlined in Table 1 .
Metabolite profiling of wine polyphenols
Polyphenols play an important role in the organoleptic characteristics of wine, its aging attitudes and color stability. In addition polyphenols are the principal active ingredients
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related to the benefits of wine consumption to the human diet and health. In grape, the polypenols are accumulated mainly in grape skin and seeds, and are released in the must after grape pressing. They can undergo various condensation and polymerization transformations during the winemaking and wine aging. The GC-MS technology is less effective for analysis of polyphenols due to their low volatility, relatively high molecular weight and difficulties with the interpretation of the molecule fragmentation pattern from the experimental data. Thus, the metabolite profiling of wine polyphenols employs mainly liquid chromatography -mass spectrometry (LC-MS) as well as MALDI-MS and tandem MS/MS technologies, (12, 13, 16) . Among them LC-MS is the most widely used, allowing characterization of complex structures of various grape and wine polyphenols, such as tannins, proanthocyanides, procyanides etc. MALDI-MS is generally applied for detection of molecules with higher mass (higher degree of oligomerization).
New trends in wine metabolite profiling
The accumulated know-how in wine metabolite analysis and plant metabolomics provides new opportunities for application of wine metabolite profiling. Identification of a set of wine metabolites that contribute or correlate to wine mouthfeel will gain insight into the chemistry of wine body. It will also provide an attractive opportunity the wine sensory characteristics to be predicted through more simple, timeand cost-effective laboratory measurements. Resent report of Skogerson et al. (25) makes step in this direction through nontargeted GC-MS and 1 H NMR analysis and identification of wine body compositional differences between several white wines. The obtained dataset was used to search for correlation with their viscous mouthfeel properties. The authors point out that further testing of the selected compounds in model wine solutions is necessary for identification of the key wine sensory metabolites.
Possibility to use the metabolite data for revealing of 'history' of analyzed wine (e.g. grape origin and wine production specificities) is one of the dreams of wine researchers since introduction of wine metabolite profiling. Although application of GC-MS and LC-MS results in simultaneous analysis of large number of metabolites in single experiments, the huge diversity of the wine metabolites hamper producing of wine metabolite signature sufficient for elucidation of specific parts of its 'history'. In recent publication, Gougeon et al. (15) reported application of non-targeted analysis of wine chemodiversity by using of ultrahigh-resolution mass spectrometry (high-field ion cyclotron resonance-Fourier transform mass spectrometry, ICR-FT/MS). This mass spectrometry system combines higher mass resolving power with remarkable mass accuracy leading to collection of vast volume of data at a single run (e.g. scoring of up to 17400 peaks from the spectrum of red wine from Burgundy at signal-to-noise ratio 2). Such extended wine chemodiversity signature allows unambiguously that the separate contributions into wine metabolome are unrevealed. In particular, the comparative analysis of the obtained data sets for series of barrel-aged wines shows that 10-years old wines still express a metabologeographic signature of the forest location of oaks used for the wine aging barrel, e.g. single ICR-FT/MS analysis could point out the forest origin of the barrel where the wine was aged. Applying similar non-targeted analysis, Liger-Belair et al. (23) were able to identify large set of surface active compounds that are preferentially partitioning in champagne aerosols and point out part of them as compounds Madeira monovariety wines SPME, HS-SPME, SBSE Volatile compounds for differentiation of wines according to their varietal origin (1, 7) Monovarietal wines from white and red grapes SPE, SPME The relative amount of volatiles is related to winemaking practices
Young wines commercialized under Denomination of Origin 'Vinos de Madrid' LPME Correct wine classification according to type of wine (white, rose and red) base on volatile markers (14) Wines from non-aromatic grapes SPE Formation of volatile compounds from glycosidic precursors during winemaking (10, 27) Madeira wines lle Identification of volatiles changed during oxidative ageing
Spanish red wine aging in bottles and oak barrels SPME Identification of volatile compounds changed during oak barrel aging (11) White sparking wines SBSe Volatile compounds related to grape variety, stage of ripening and environmental conditions (8) Wines from Alentejo region, Portugal SPE The fermentative aromatic compounds are related to the vintage rather than to the region or variety (4)
Red wine from the Greek grape cultivar Aghiorghitiko HS-SPME Identification of aroma compounds related to wine aging with oak chips toasted at different temperatures (21) Monovarietal red wines from Origin Denomination Navarra SPME Identification of aroma compounds related to wine aging in barrels form different oak sources and different periods of treatments (5, 11) of organoleptic interest and aromas precursors. The last of the described studies demonstrated that non-targeted metabolite profiling will further provide significant impact on application of mass spectrometry analysis for in dept characterization of wine metabolite signature(s), providing datasets for quality control and decision making.
Metabolite profiling in Bulgarian winemaking and grapevine breading
An important feature of the world wine market during the last years is an excess of the production over consumption, with indications that this will continue at least for several more years. This results in increased global competition in all wine market segments including in the niches of 'premium' and 'super-premium' wines. Responding to the new challenges the largest grape and wine producing countries initiated own national grape and wine research strategies directed towards improving of consistency of wine quality. All these programs involve dedicated part for development and well targeted applications of grape and wine genomics and metabolomics research. A national program for development of wine growing and wine making sector 2009-2013 was launched in Bulgaria, as well. It is directed mainly to regulating the business activity related to grapevine cultivation in the country and legislation, and winemaking activity. Researchers from AgroBioInstitute, supported by leading Bulgarian producers of grapevine planting material established and maintained a pre-basic genebank of Bulgarian and global grapewine varieties (26) . The grapevines from National grapevine variety list were genotyped and procedure for verification of identity of the planting material was developed (18, 19) . Microsatellite linkage map of grapevine cultivar Storgozia was established (17) . No metabolite profiling of Bulgarian grape and wine varieties has been performed so far. The initiation of metabolite profiling of grapes and wines produced in the country, identification of variety-specific metabolite biomarkers and establishment of respective database and know-how will have substantial impact for: (a) development of knowledge driven decision making and quality control procedure for vineyards and winery management and winemaking; and (b) will provide solid base for further improvement of old Bulgarian grapewine varieties for producing of quality 'premium' and 'super-premium' wines. As part of the implementation of project DO02-105 of the National Science Fund, Ministry of Education and Science, the AgroBioInstitute established metabolomics lab prossessing modern GC-MS system. Within the next stage of the project development, the facility will be used for metabolite profiling of volatiles, polyphenols, as well as non-targeted metabolite analysis of grapes and wines from old Bulgarian and global varieties. The obtained data will be evaluated for identification of metabolite biomarkers for varietal differentiation and characterization of the biochemical basis of quality and terroire effect.
